Objective: To evaluate the association between waist-to-height ratio (WHtR) and specific biomarkers of inflammation, CVD risk and endothelial dysfunction in prepubertal obese children. Design: Prospective, multicentre case-control study matched by age and sex. Setting: Children were recruited between May 2007 and May 2010 from primarycare centres and schools in three cities in Spain (Cordoba, Santiago de Compostela and Zaragoza). Subjects: Four hundred and forty-six (223 normal weight and 223 obese) Caucasian prepubertal children aged 6-12 years. Results: WHtR was higher in the obese than in the normal-weight children. Blood pressure, waist circumference, weight, height, insulin, plasma lipids, leptin, resistin, abnormal neutrophil and monocyte counts, C-reactive protein, IL-6, IL-8, TNF-a, myeloperoxidase, soluble intercellular adhesion molecule-1, selectin and plasminogen activator inhibitor-1 levels were higher in the obese than in the normal-weight group. Adiponectin and HDL-cholesterol were lower and glucose and metalloproteinase-9 showed no differences. Resistin, TNF-a and active plasminogen activator inhibitor-1 were associated with WHtR, a sensitive indicator of central obesity. Conclusions: Our results lead to the hypothesis that changes in biomarker levels of insulin resistance, inflammation and CVD risk before puberty might induce metabolic consequences of obesity in obese children before reaching adulthood.
Obesity, especially excess visceral adiposity, is strongly associated with insulin resistance (IR), hypertension and dyslipidaemia, which contribute to high rates of morbidity and mortality (1) . Excess adiposity decreases the production of protective factors (e.g. adiponectin) and increases inflammatory molecules such as C-reactive protein (CRP) (1) , IL-6 (1) , TNF-a (2) and resistin (3) , inducing a state of chronic low-grade inflammation (2, 4) . Obese children have elevated levels of these inflammatory factors and pro-atherogenic biomarkers that are associated with CVD later in life (5) . Obesity has been measured using a variety of anthropometric indices to estimate the risk for metabolic diseases.
Among the studied indices, the waist-to-height ratio (WHtR) is a strong predictor of CVD and diabetes (6) . WHtR was devised to correct for the over-and underestimation of risk among tall and short individuals with similar waist circumference (6) . This index is strongly correlated with abdominal fat measures which are obtained using advanced imaging techniques (7, 8) . In a systematic review conducted in children, WHtR was associated with systolic and diastolic blood pressure (BP), high levels of insulin, HDL-cholesterol (HDL-C) and TAG in children and adolescents (6) . WHtR has also been associated with resistin levels in children and adolescents (9) , with plasminogen activator inhibitor-1 (PAI-1) levels in obese adolescents (10) and with CRP levels in children and adolescents (11) (12) (13) (14) . Abdominal adiposity leads to metabolic abnormalities and a low-grade inflammation including the production of adipokines, promotion of monocyte recruitment, differentiation of inflammatory monocytes into M1 phenotype macrophages and release of pro-inflammatory cytokines, such as CRP, TNF-a and IL-6, from adipose tissue (15) . The large amount of evidence documenting the obesityrelated changes observed in children and adolescents, and the consequences of these changes in adulthood, has led to a search for biomarkers to enable early diagnosis. In the present study, we aimed to evaluate the association between adiposity (measured with the WHtR) and specific biomarkers of inflammation, CVD risk and endothelial dysfunction in a group of prepubertal obese children.
Methods

Study design
A case-control, multicentre study was performed in 446 prepubertal children paired by sex and age. The study was part of a SAMID Network (Research Network on Maternal and Child Health and Development), which is dedicated to the study of childhood health. The children included in the study were recruited from the centres within the network dedicated to the study of childhood obesity and its comorbidities. Childhood obesity was defined according to Cole et al. (16) using the age-and sex-specific cut-off points of BMI (corresponding to the adult cut-off of 30 kg/m 2 ). Inclusion criteria were prepubertal stage and absence of congenital metabolic diseases. Exclusion criteria were pubertal stage, the presence of infection, active or chronic inflammation, congenital metabolic diseases and the use of a medication that alters BP, glucose levels or lipid metabolism. After initial assessments at school or a primary-care centre, children who fulfilled the inclusion criteria were invited for a clinical examination in the appropriate participating hospital. The parents or guardians were informed about the purpose and procedures of the study before written consent was obtained, and all children gave their assent. Children were classified according to Tanner stages by trained paediatricians and the prepubertal stage was confirmed by determination of sex hormone concentrations. The cut-off values for sex hormones were testosterone ,0?5 ng/ml in boys and oestradiol ,10 pg/ml, luteinizing hormone ,5 U/l and follicle-stimulating hormone ,8 U/l in girls. Children with hormone levels higher than those mentioned were not included in the study.
Anthropometric measurements
Anthropometric measurements were taken by a single examiner at each hospital. Body weight was measured using a standard beam balance. Height was measured using a precision stadiometer. Waist circumference was measured in fasting state by applying an inelastic tape horizontally midway between the lowest rib margin and the iliac crest of the standing child at the end of a gentle expiration. BMI and WHtR were calculated. The Z-score for BMI (BMIZ) was based on reference standards published by Cole et al. (17) .
Blood pressure Systolic and diastolic BP were measured three times by the same examiner using a mercury sphygmomanometer and following international recommendations (18) . The mean of the three measurements was considered the current value.
Biochemical analysis
Blood samples were drawn from the antecubital vein between 08.00 and 09.30 hours after an overnight fast. The routine blood tests were analysed at the general laboratory of each hospital. The plasma aliquots used to measure inflammatory biomarkers were immediately frozen at 2808C until analysed.
Glucose was analysed using the glucose oxidase method in an automatic analyser (CV 5 1?0 %; RocheHitachi Modular P and D Autoanalyser; Roche Laboratory Systems, Mannheim, Germany) and plasma insulin was analysed by RIA (CV 5 2?6 %) using an automatic microparticle analyser (AxSYM; Abbott Laboratories, Abbott Park, IL, USA). IR was calculated by the homeostatic model assessment of insulin resistance (HOMA-IR). Plasma TAG (CV 5 1?5 %), total cholesterol (CV 5 0?9 %), HDL-C (CV 5 0?8 %) and LDL-cholesterol (LDL-C; CV 5 1?5 %) were measured using an automatic analyser (Roche-Hitachi Modular P and D Autoanalyser; Roche Laboratory Systems).
Inflammatory, endothelial dysfunction and CVD risk biomarkers A complete blood count was performed in all children. The abnormal neutrophil count (AbnNC) was considered an inflammatory marker (19, 20) . AbnNC levels greater than 6?6 3 10 3 ml were considered high (20) . Because monocytes are involved in the development of atheroma plaques, we used an abnormal monocyte count (AbnMC) of greater than 1?02 3 10 3 ml, which represents the 95th percentile of our normal-weight sample. Three different LINCOplex 
Statistical analysis
Data were expressed as means with their standard errors. Normality was assessed with the Kolmogorov-Smirnoff test and the variables with a non-normal distribution were transformed. Homogeneity of variances was estimated using Levene's test. Mean comparisons between obese and normal-weight children for continuous variables were performed using the Student's t test for unpaired samples. The x 2 test was applied to variables expressed as a percentage. The Pearson's test was applied to assess the relationship between WHtR and anthropometric, metabolic, inflammatory, CVD risk and endothelial dysfunction variables. Backward stepwise multiple linear regression analysis was performed to evaluate the independent risk factors associated with WHtR. Principal component factor analysis was used to determine if there was any particular grouping of biomarkers that were most related to WHtR in our study population. Extraction of the initial set of uncorrelated components was accomplished with the principal factor method and orthogonal rotation of components was then performed to facilitate interpretation. Seven variables related to WHtR were included in the factor analysis. Loadings were equivalent to Pearson correlation coefficients, with a higher loading indicating a stronger association between a factor and an observed variable. A factor loading from 0?20 to 0?39 was considered a marginal association, from 0?40 to 0?59 a moderate association, from 0?60 to 0?79 a strong association and above 0?80 a very strong association. Statistical significance was considered when P,0?05. The statistical software package IBM SPSS Statistics 20 was used for all statistical analyses. Table 1 shows the general and anthropometric characteristics of the children, confirming the similar distribution of age and sex between the normal-weight and obese groups. The mean weight, height, BMI, BMIZ, waist circumference and WHtR were all significantly higher in the obese group. Within the normal-weight group, there were no differences between sexes; however, within the obese group, boys had higher age, weight, height and BMIZ than girls.
Results
General, anthropometric and metabolic characteristics
In comparison to the normal-weight group, the obese group, both as a whole and stratified by sex, had higher systolic and diastolic BP, as well as higher plasma TAG, insulin and HOMA-IR levels. The obese group had lower HDL-C levels and the obese boys had lower total cholesterol. No differences were found in fasting glucose or LDL-C concentrations between the two groups ( Table 1) . Resistin and leptin levels were significantly higher in the obese group than in the normal-weight group, but adiponectin levels were lower. Within the normalweight group, only diastolic BP was higher in the girls and within the obese group, HDL-C was lower and insulin higher in the girls; the rest of the variables did not show differences. Table 2 shows the biomarkers of inflammation, CVD risk and endothelial dysfunction. In comparison to the normalweight group, the percentage of children with AbnNC, AbnMC as well as the levels of CRP, IL-6, IL-8 and TNF-a were higher in the obese group. Similarly, biomarkers of CVD risk (MPO and total and active PAI-1) and endothelial dysfunction (sICAM-1 and sE-selectin) were significantly higher in the obese group compared with the normal-weight group. There was no difference in MMP-9 levels between groups. Within boys, all biomarkers except IL-6 and MMP-9 were higher in the obese group, and within the girls, all biomarkers were higher in the obese group except AbnNC, IL-6 and MMP-9. Within the obese group, only AbnNC in boys and aPAI-1 in girls were higher. Most of these biomarkers were associated with plasma TAG and HDL-C (r 5 0?106 to 0?332; data not shown).
Biomarkers of inflammation, CVD risk and endothelial dysfunction
Associations between waist-to-height ratio and anthropometric measurements, insulin resistance and biomarkers of inflammation, CVD risk and endothelial dysfunction Table 3 shows the associations with statistical significance between WHtR and the biomarkers of inflammation, endothelial dysfunction and CVD risk. After eliminating the multicollinearity (a situation in which two or more variables are very closely linearly related) using the IBM SPSS Statistics 20 software, a backward stepwise multiple AbnNC, abnormal neutrophil count (neutrophils were considered elevated when the AbnNC was .6?6 3 10 3 ml) (8) ; AbnMC, abnormal monocyte count (monocytes were considered elevated when the AbnMC was .1?02 3 10 3 ml, representing the 95th percentile of the normal-weight population); CRP, C-reactive protein; MPO, myeloperoxidase; MMP-9, matrix metalloproteinase-9; PAI-1, plasminogen activator inhibitor-1; sICAM-1, soluble intercellular adhesion molecule-1; sE-selectin, soluble endothelial selectin. Data are presented as means with their standard errors unless indicated otherwise. The t test or the x 2 test (for percentages) was used to compare between groups and sexes. Statistical significance was taken as P,0?05 for comparisons. *All normal-weight v. all obese.
-Normal-weight males v. obese males. --Normal-weight females v. obese females. yNormal-weight males v. normal-weight females. ||Obese males v. obese females.
linear regression analysis of WHtR with associated risk factors showed that systolic BP, HOMA-IR, resistin, HDL-C, CRP, TNF-a and aPAI-1 were independently associated with WHtR (Table 4) .
The principal factor analysis shown in Table 5 demonstrates that two factors were sufficient to explain the association between the biomarkers and WHtR. These two well-defined factors were together CVD risk factor and IR (composed of aPAI-1, resistin, HOMA-IR, HDL-C and systolic BP) and inflammation (composed of TNF-a and CRP). These two factors explained 49?06 % of the total variance in the data; the first factor explained 29?83 % of the variance and the second factor explained 19?25 %.
Discussion
Our study shows that there are differences between normal-weight and obese prepubertal children regarding biomarkers of inflammation, endothelial dysfunction and CVD risk. Specifically, we have demonstrated the association of WHtR, which is a sensitive measure of visceral adiposity, with resistin, TNF-a and aPAI-1 levels in a population of prepubertal obese children.
The present study also yielded results that were in agreement with previous publications that showed an association between WHtR and common clinical and metabolic markers. In this regard, the most studied parameters are systolic and diastolic BP (21) (22) (23) , HOMA-IR and insulin (23, 24) , TAG (23, 24) and HDL-C (21) (22) (23) ; all of them have been associated with WHtR in children and adolescents. However, beyond that, we studied specific biomarkers of inflammation, endothelial dysfunction and CVD risk, and when observing our results we wondered about the biological relevance of the differences of these biomarkers in obese children compared with normal-weight children. Unfortunately, there are no well-established cut-off values for these biomarkers in prepubertal children, and transferring reference values from adolescents or adults could pose a risk because there are many hormonal changes occurring during and after puberty that may affect their plasma values (e.g. adiponectin) (25) . Notwithstanding, cut-off values for some lipid biomarkers, namely TAG, HDL-C and LDL-C, are well known in childhood (26, 27) and in the present study most of our obese children had altered plasma levels of those parameters. Moreover, most of the inflammatory, CVD risk and endothelial dysfunction biomarkers were closely associated with plasma lipids whose significance in terms of biological relevance has been validated in both children and adults, supporting the results of the new associated biomarkers in prepubertal children. CRP, a well-known biomarker of inflammation, has been associated with adiposity in children and adolescents (28) and with measures of adiposity, including WHtR, in overweight German adolescent girls (14) , Australian adolescents (11) , Hispanic and non-Hispanic black children and adolescents (12) and Chilean girls younger than 4 years (13) . In the present study, we found that CRP was associated with adiposity in an exclusive population of prepubertal children and independently associated with WHtR.
An interesting finding from the present study is the association of WHtR with resistin. Studies of obese, non-diabetic subjects have shown higher resistin levels compared with normal-weight subjects and direct associations between resistin levels and BMI. Using computed tomography imaging, other groups have more closely associated resistin with quantitative levels of visceral and subcutaneous fat and with abdominal and intrathoracic fat depots (3) . Additionally, several studies have demonstrated the effect of resistin on vascular cell function. Resistin increases the expression of the adhesion molecules vascular cell adhesion molecule-1 and ICAM-1, promotes endothelial cell activation (3) , stimulates the macrophage secretion of pro-inflammatory cytokines and participates in glucose homeostasis and insulin sensitivity (29) . Li et al. (9) demonstrated the association between resistin and WHtR in a mixed population of children and adolescents; similarly, in the present study we demonstrated this association but in a population of prepubertal children and, additionally, an independent association between both measures. Furthermore, it was interesting to note that resistin was also associated with HOMA-IR and sE-selectin but not with sICAM-1 (data not shown), suggesting that IR at young ages leads to endothelial damage. However, more evidence is needed to draw conclusions in this population.
aPAI-1, another biomarker of CVD risk that contributes to the inflammation and IR present in obesity, has been associated with visceral fat in adults (30) , adolescents and children (31) . aPAI-1 has been shown to be independent of insulin and TAG levels, total fat mass, insulin sensitivity and age (32) . However, despite all the information regarding PAI-1 and its relationship with obesity, few authors have studied the association between this biomarker and metabolic and clinical factors or other specific biomarkers of inflammation, CVD risk and endothelial dysfunction in obese, prepubertal children (10) . For this reason, we performed an additional analysis and found that PAI-1 was associated not only with WHtR and with all the components of the metabolic syndrome, but also with CRP, leucocyte count, adiponectin, resistin, leptin, MMP-9, sE-selectin and sICAM-1 levels (see online supplementary material, eTable 1). Overall, these results suggest that children with a high WHtR might develop CVD at early ages because they already have altered risk biomarkers for this group of diseases. However, this conclusion should be taken with caution as biomarker concentrations change during growth and particularly puberty.
In our study, we also found that plasma TNF-a, which is an inflammatory cytokine that has a crucial role in obesity-related IR, was independently associated with WHtR. To the best of our knowledge, this finding has been reported previously in adults (33) , but not in children. Based on the principal factor analysis, we observed two well-defined factors that are associated with WHtR, (i) IR-CVD risk and (ii) inflammation, which together explain more than 50 % of the variability in WHtR. The importance of the variables included in these two factors is also supported by the multiple linear regression analysis. Previously published findings along with those of the present study suggest that obesity and associated changes related to IR, inflammation and CVD risk cause systemic metabolic consequences in prepubertal children that compromise their health, leading them to develop from an early age diseases that, until recent years, were characteristic of adulthood.
Strengths and limitations of the study
The strengths of the present study are the sample size of a very-well defined group of prepubertal children and the large number of biomarkers assessed, compared with other previously reported studies (11) (12) (13) (14) . Moreover, relationships of WHtR, a validated index of adiposity, with specific biomarkers of inflammation, CVD risk and endothelial dysfunction found in the current study are another major strength. On the other hand, the limitations are the lack of cut-off values of these biomarkers for children at prepubertal age to validate the biological relevance and the size of our sample to establish these values.
Conclusions
In summary, resistin, TNF-a and aPAI-1, which are biomarkers of IR, inflammation and CVD risk, respectively, are associated with WHtR in prepubertal obese children. Our results lead to the hypothesis that changes of biomarker levels before puberty might induce metabolic consequences of obesity in obese children before reaching adulthood.
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